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(54) Title: FLUID TRANSPORT WEBS EXHIBITING SURFACE ENERGY GRADIENTS 

(57) Abstract 

The present invention pertains, 
in a preferred embodiment, to a 
fluid-pervious web comprising a first 
or wearer-contacting surface and a 
second or garment-facing surface. The 
web is particularly well suited for use 
as a topsheet on a disposable absorbent 
article. The first and second surfaces 
are separated from one another by an 
intermediate portion. The first surface 
of the web provides a structure which * 
exhibits a surface energy less than 
the surface energy of the intermediate 
portion. In a preferred embodiment, 
the web exhibits a plurality of regions 
of comparatively low surface energy 
which define surface energy gradients 
where they interface with higher 
surface energy web surfaces. More 
particularly, the present invention 
pertains to a fluid-pervious web having 
a plurality of small-scale surface 
energy gradients which are oriented 
and located so as to effectively 
transport fluid away from the first or wearer-contacting surface. The web essentially retains its visual, tactile, and physical properties 
of the substrate material while achieving the desired surface energy properties. Fluid transport webs according to the present invention 
preferably include discontinuous, spaced regions defining small scale surface energy gradients on the first surface to aid in small scale 
fluid movement toward apertures or capillary entrances for transport away from the first surface. Such webs also preferably include small 
scale surface energy gradients normal to the first surface within a capillary structure to aid in moving fluid away from the first surface and 
into the capillaries for capillary fluid transport Web materials suitable for use in the present invention include apertured formed films, 
apertured and non-apertured nonwoven materials, composite structures, and the like. 
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FLUID TRANSPORT WEBS EXHIBITING 
SURFACE ENERGY GRADIENTS 

FIELD OF THE INVENTION 
The present invention relates to a web which is suitable for use as a fluid 
transport mechanism. In particular, the web is designed to facilitate fluid transport in a 
preferential direction from one surface toward another surface and resist fluid transport 
10 in the opposite direction. 

■..'.•*' 
BACKGROUND OF THE INVENTION 
It has long been known in the field of disposable absorbent articles that it is 
extremely desirable to construct absorptive devices, such as disposable diapers, sanitary 
15 napkins, incontinent briefs, bandages, wound dressings, and the like, presenting a dry 
surface feel to the user to improve wearing comfort and to minimize the potential for 
development of undesirable skin conditions due to the prolonged exposure to moisture 
absorbed within the article. Accordingly, it is generally desirable to promote rapid fluid 
transfer in a direction away from the wearer and into a retentive structure, while 
20 resisting fluid transfer in the reverse direction. 

One viable prior art solution to the aforementioned problem has been to utilize 
a covering or topsheet on the exposed, wearer-contacting surface which comprises a 
web of formed, apertured thermoplastic film. Commonly assigned U.S. Pat. No. 

4,342,314, issued to Radel et al on August 3, 1982, the disclosure of which is hereby 1 
25 incorporated herein by reference, discloses a representative formed film of this variety. « * 

Such webs utilize capillary fluid transport to conduct fluid away from one surface >■ t 

(wearer-contacting) into and through the web via three-dimensional capillaries formed 

into the material, and then into the underlying absorbent structure. In order to address . av ^ 

consumer concerns with regard to plastic-like appearance and feel, webs of this variety 
30 Have been developed .which include an interconnected structure of fiber-like appearance 

in the interest of generating a more cloth-like, aesthetically-pleasing appearance. In 

addition, apertured, formed thermoplastic film webs have been developed which further 

include microscopic surface texturing (microtexture) and/or microscopic apertures 

(microapertures) to further enhance the visual and tactile impression of such webs. 
35 Representative film webs of this variety are discloses in commonly assigned U.S. Pat. 

Nos. 4,463,045, issued to Ahr et al. on July 31, 1984, and 4,629,643, issued December 

16, 1986 to Curro et al., the disclosures of which are hereby incorporated herein by 

reference. 
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(microapertures) to further enhance the visual and tactile impression of such webs. 
Representative film webs of this variety are discloses in commonly assigned U.S. Pat. 
Nos. 4,463,045, issued to.Ahr et al. on July 31, 1984, and 4,629,643, issued December 
16, 1986 to Curro et al., the disclosures of which are hereby incorporated herein by 
i reference. 

Another viable prior art solution has been to utilize a fibrous material as a 
covering or topsheet on such articles, alone or as an overlay or laminate over other 
materials. A representative topsheet structure of this variety is disclosed in commonly 
assigned Published PCT Application WO 93/09741, published May 27, 1993 naming 
Aziz et al. as inventors, the disclosure of which is hereby incorporated herein by 
reference. Such fibrous materials may take the form of a woven or nonwoven web of a 
suitable , fiber variety, and may or may not include discretely formed apertures in 
addition to the inherent porosity of the web, itself. Webs of this variety also exhibit 
capillary fluid transport characteristics via the three-dimensional capillaries formed by . 
inter-fiber spaces, likewise conducting fluid away from the wearer-contacting surface 
and into the underlying absorbent structure. Such webs exhibit an aesthetically- 
pleasing, cloth-like surface appearance and tactile impression due to the fibrous nature 
of the surface. . . 

While capillary webs of the foregoing varieties are effective in transporting 
fluid, their effectiveness is Mited in that such capillary structures can only move fluid 
once it reaches the capillary interior. Fluid which wets and remains on wearer 
contacting surfaces contributes to a "wet" tactile feeling or impression, and to the 
extent that such fluid may be colored or opaque also contributes to a "stained" visual 
impression. Surface textures naturally occurring in the material of the web or imparted 
thereto in formation further increase the likelihood that residual fluid will be trapped or - 
retained on the wearer-contacting surface rather than entering capillary structures for 
transport away from the surface. Thus, surface topographies which contribute to . 
desirable visual and tactile impressions when dry can also tend to retain residual fluid 
on the exposed surface and thus reduced desirability under in-use conditions 

Accordingly, it would be desirable to provide a web with enhanced 
effectiveness in transporting fluid away from one surface which is initially contacted by 
a fluid. :• ; • 

More particularly, it would be desirable to retain visual and tactile properties of 
webs having fibrous or otherwise textured surfaces while promoting more rapid and 
more complete fluid transport away from the wearer-contacting surface and into the 
interior of an associated absorbent article. 
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SUMMARY OF THE INVENTION 
The present invention pertains, in a preferred embodiment, to a fluid-pervious 
web comprising a first or wearer-contacting surface and a second or garment-facing 

5 surface. The web is particularly well suited for use as a topsheet on a disposable 
absorbent article. The first and second surfaces are separated from one another by an 
intermediate portion. The first surface of the web provides a structure which exhibits a 
surface energy less than the surface energy of the intermediate portion. In a preferred 
embodiment, the web exhibits a plurality of regions of comparatively low surface 

10 energy which define surface energy gradients where they interface with higher surface 
energy web surfaces. '• ■ ■ T 

: More particularly, the present invention pertains to a fluid-pervious web having 
a plurality of small-scale surface energy gradients which are oriented and located so as 
to effectively transport fluid away from the first or wearer-contacting surface. The web 

is essentially retains its visual, tactile, and physical properties of the substrate material 
while achieving the desired surface energy properties. 

Fluid transport webs according to the present invention preferably include 
discontinuous, spaced regions defining small scale surface energy gradients on the first 
surface to aid in small scale fluid movement toward apertures or capillary entrances for 

20 transport away from the first surface. Such webs also preferably include small scale 
surface energy gradients normal to the first surface within a capillary structure to aid in 
moving fluid away from the first surface and into the capillaries for capillary fluid 
transport. , * * 

The present invention also pertains to absorbent articles which preferably 

25 include a topsheet, a backsheet secured to the topsheet, and ah absorbent core 
positioned between the topsheet and the backsheet, wherein the topsheet exhibits 
surface energy gradients according to the present invention. 



30 

BRIEF DESCRIPTION OF THE DRAWINGS 

While the specification concludes with claims particularly pointing out and 
distinctly claiming the present invention, it is believed that the present invention will be 
better understood from the following description in conjunction with the accompanying 
35 drawings, in which like reference numbers identify like elements, and wherein: 

• FIG. 1 is an enlarged, partially segmented, perspective illustration of a prior art 
plastic web of the type generally disclosed in U.S. Pat. No. 4,342,314; 
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FIG. 2 is an enlarged, partially segmented, perspective illustration of a preferred 
plastic web of the present invention having a surface energy gradient; 

FIG. 3 is ian enlarged cross-sectional, view of a droplet of liquid on a solid 
surface, where angle A illustrates the contact angle of the liquid with the solid surface; • 
5 r FIG. 4 is an enlarged xross-sectional view of a droplet of liquid on a solid 

surface having two. different surface-energies, thus exhibiting two different, contact; 
angles A(a) and A(b); . 

1 HG ; 5is ^^ adjacent 
a generic capillary exhibiting a surface energy gradient; 

io FIG. 6 is a further enlarged; partial view of the web of FIG. 2 illustrating one 

web construction according to the present invention; . 

FIG. 7 is a further enlarged, partial view of the web of FIG . 2 illustrating an 
alternative web construction according to the present invention; 

, FIG, 8 is an enlarged, partiaUy segmented, perspective illustration- of a 
is nonwoven web illustrating another preferred embodiment according to the present- 
invention; ■> , v . : . . . 

FIG; 9 is a fbrther enlarged, partial view similarto FIG. 6 of the nonwoven web 

Of FIG 8. . ■ ; /s ; , t * . ~ / .. 

* FIG. 10 is a greatly enlarged simplified schematic cross-iectional aiustration - 
.20 - similar to. FIG, 2 of a macroscopicaMy expanded, micfo^ three-:, 
dimensional^web exhibiting a surface energy gradient according to the present 

■invention;- .•..„• ; - # / ■ .v , ./ . 

: - HG 11 I s a further enlarged, partial view similar to FIG. 6 of the web of FIG 

25 FIG. 12 is an enlarged, cross-sectional view of the web of FIGS. 10 and 1 1, but 

showing in greater detail the orientation of the surface energy ^ 
the web; / 

FIG. 13 is a view, generally similar to that of FIG. 9, but iUustrating a further 
embodiment of a composite web according to the present invention; ? • i . 
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FIG. 14 is a top plan view of a sanitary napkin with portions of the sanitary 
napkin cut away to more clearly show the construction of the sanitary napkin; ♦ 

HG. 15 is a cross-sectional , view of the sanitary napkin of FIG. 14 taken along 
section line 15-15; fV .\v \ : . ; ; . 

HG. 16 is a top plan view of the topsheet portion of a sanitary napkin 
embodiment made according to the present invention; 

FIG. 17 is a topplan view of the topsheet portion of another sanitary ' napkin 
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embodiment made according to the present invention; 

FIG. 18 is an enlarged, partially segmented, perspective illustration of -a 
representative absorbent article in the form of a diaper made in accordance with the 
present invention; and 

5 FIG. 19 is an enlarged, perspective illustration of a representative absorbent , 

article in the form of a sanitary napkin or catamenial pad made in accordance with the 
present invention. . : 

DETAILED DESCRIPTION OF THE PRESENT INVENTION 

io FIG. 1 is an enlarged partially segmented, perspective illustration of a prior art 

resilient, three-dimensional, fluid pervious plastic web 40 exhibiting a combination of 
fiber-like and plastic properties which has been found highly suitable for use as a 
topsheet in disposable absorbent articles, such as a sanitary napkin topsheet 22 in a 
sanitary napkin 20 of the type generally illustrated in FIGS. 14 and 15. The prior art 

15 web 40 is generally in accordance with the teachings of commonly assigned U.S. Pat: 
No. 4,342,314 issued to Radel et al. on August 3, 1982, the disclosure of which is - : 
hereby incorporated herein by reference. The fluid pervious plastic web 40 exhibits a 
multiplicity of apertures (e.g., apertures 41) which are formed by a multiplicity of . . 
intersecting fiber-like elements (e.g., elements 42, 43, 44, 45, and 46) interconnected to 

20 one another in the first or wearer-contacting surface 50 of the web. Each fiber-like * 
element comprises a base portion (e.g., base portion 51) located in plane 52, and each 
base portion has a sidewall portion (e.g., sidewall portions 53) attached, to each edge 
thereof. The sidewall portions preferably extend generally in the direction of the. 
second surface 55 of the web, with the intersecting sidewall portions of the fiber-like 

25 elements interconnected to one another intermediate the first and second surfaces of the 
web, terminating substantially concurrently with one another in the plane 56 of the 
second surface 55. 

The term "fiber-like", as utilized herein to describe the appearance of plastic 
webs, refers generally to any fine scale pattern of embossments or apertures, random or 

30 non-random, reticulated or non-reticulated, which can provide an overall appearance 
and impression of a woven or nonwoven fibrous web when viewed by the human eye. 
When describing the elements used to form the web, the term "fiber-like" is utilized 
herein to describe the appearance or shape of the elements. As utilized herein, the term 
"macroscopically expanded", when used to describe three-dimensional plastic webs, 

as ribbons and films, refers to webs, ribbons and films which have been caused to conform 
to the surface of a three-dimensional forming structure so that both surfaces thereof 
exhibit the three-dimensional pattern of said forming structure, said pattern being 



Printed from Mimosa 02/05/21 13:43:15 Page: li 



WO 96/00548 



PCT/US95/07430 



10 



15 



20 



25 



30 



35 



readily visible to a normal human eye when the perpendicular distance between the 
viewer's eye and the plane of the web is about 12 inches. 

In general, as. utilized herein the term "macroscopic" is used to refer to 
structural features or elements which are readily visible to a normal human eye when 
the perpendicular distance between the viewer's eye and the plane of the web is about 
12 inches. Conversely, the term "microscopic" is utilized to refer to structural features 
or elements which are not readily visible to a normal human eye when the perpendicular 
distance between the viewer's eye and the plane of the web is about 12 inches. 

Such macroscopically expanded webs, ribbons and films are typically caused to 
conform to the surface of said forming structures by embossing (i.e., when the forming 
structure exhibits a pattern comprised primarily of male projections), by debossing (i.e., 
when the forming structure exhibits a pattern comprised primarily of female capillary 
networks), or by.extrusion of a resinous melt onto the surface of a forming structure of 
either type. By way of contrast, the term "planar" when utilized herein to describe 
plastic webs, ribbons and films, refers to the overall general condition of the web, 
ribbon and film when viewed by the naked eye on a macroscopic scale. 

In a particularly preferred embodiment, the interconnected sidewall portions 53 
terminate substantially concurrently with one another-in the plane .56 of the second 
surface 55 to form apertures 49 in the second surface 55 of the web. The capillary 
networks-59 formed by the interconnected sidewall portions allows for the free transfer 
of fluid from the first or wearer-contacting surface 50 of the web directly to the second 
surface 55 of the web. without lateral transmission of fluid between adjacent capillary, 
networks. 4 

Each of the fiber-like elements exhibits a substantially uniform U-shaped cross- 
section along its length. In the case of a primary fiber-like element, its cross-section 
comprises a base portion located in the wearer-contacting plane and a sidewall portion 
joined to each edge of the base portion and extending generally in the direction of the 
absorbent pad-contacting surface of the web. The sidewall portions which intersect 
one another are joined to one another intermediate the wearer-contacting surface and 
the absorbent pad-contacting surface of the web, thereby forming a capillary network 
interconnecting the opposed surfaces of the web. 

One drawback associated with the use of topsheets comprised of plastic is that 
despite their superior fluid handling characteristics some users are very reluctant to 
place a topsheet which they readily perceive as plastic by virtue of its glossy appearance 
in contact with their skin. To reduce the gloss on the web's visible surface, i.e., that 
portion of the web which is visible from directly overhead, it has been learned that the ' 
inclusion of ^.microscopic pattern of surface aberrations which are not discernible when 
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the perpendicular distance between the viewer's eye and the plane of the web is about • 
12 inches is highly effective. Commonly assigned U.S. Pat. No. 4,463,045, issued to 
Ahr et al. on July 31, 1984, the disclosure of which is hereby incorporated herein by 
reference, defines the relevant criteria which must be satisfied so that the three- 
5 dimensibnally expanded web will exhibit a substantially non-glossy visible surface. 

In a particularly preferred embodiment, the base portion 51, includes a 
microscopic pattern of surface aberrations ! 58, generally in accordance with the 
teachings of the aforementioned '045 Ahr et al. patent. The microscopic pattern 6f 
surface aberrations 58 provides a substantially non-glossy visible surface when the web 
io is struck by incident light rays. * r-v ...... . 

A topsheet of the type generally disclosed in Radel et al., having surface 
aberrations according to' Ahr et al., exhibits a fiber-like appearance" and tactile 
impression as well as a non-glossy visible surface. In addition, it is highly effective in 
promoting rapid fluid transfer from the first or wearer-contacting surface to the second 
15 or absorbent pad-contacting surface of the topsheet. Topsheets of the latter type have 
enjoyed widespread commercial success on catamenial pads due to their clean and dry ; 
appearance in use when contested to conventional nonwoven fibrous topsheets. : 

Typically, a prior art web 40 used as a topsheet on an absorbent article is 
treated with a surfactant to render the topsheet hydrophilic. The exposed surfaces of 
20 the base portions 51 and the sidewall portions 53 are generally treated with a surfactant 
such that they will both be rendered substantially hydrophilic, thereby diminishing the 
likelihood that body fluids will flow off the topsheet rather than being drawn through 
the topsheet and thereby absorbed by the absorbent core. Suitable methods of applying 
surfactants are described in U.S. Pat. Nos. 4,950,254 and 5,009,563, both issued to 
25 Thomas Osbom, the disclosures of which are hereby incorporated herein by reference. 

Despite the effective functioning of the surfactant treated prior art fluid- 
pervious web 40 in topsheet applications for disposable absorbent articles such as 
sanitary napkins, there can be certain perceived drawbacks associated with topsheets of 
similar construction. For ©cample, treating the entire exposed surface of the topsheet 
30 with a surfactant creates a very wettable surface which, when placed into contact with 
the wearer's skin, may cause the topsheet to stick to the wearer's skin. This in turn may 
■ ; ' create a hot, sweaty, arid/or sticky sensation for the user which may be viewed as less 
desirable by some users. * 

In addition, although capillary web structures of the foregoing varieties are 
35 effective in transporting fluid, their effectiveness is limited in that such capillary 
structures can only move fluid once it reaches the interior of the capillaries. Fluid 
which wets and remains on wearer contacting surfaces contributes to a M wet M tactile 
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feeling or impression, and to the extent that such fluid may be colored or opaque also 
contributes toa "stained" visual impression. Surface textures naturally occurring in the 
material of the web or imparted thereto in formation further increase the likelihood that 
residual fluid will be trapped or retained on the wearer-contacting surface rather than 
entering capillary structures for transport away from the. surface. Thus, surface 
topographies which contribute to desirable visual and tactile impressions when dry can 
also tend to retain residual fluid on the exposed surface and thus reduced desirability 
under in-use conditions. 

FIG. 2 is an enlarged partially segmented, perspective illustration of a three- 
dimensional, fiber-like,- fluid-pervious formed-film web embodiment of the present 
. invention, .generally indicated as 80. The geometrical, configuration of the fluid 
pervious web 80 is generally similarto that of prior ait ..web 40 illustrated in FIG. land 
is generally in accordance with the teachings of the aforementioned 314 Radel et al. 
patent, Other suitable formed films are described in U.S. Pat. No. 3,929, 135 issued to 
Thompson on December 30, 1975; U.S. Pat. No. 4,324,246 issued to Mullane, et al on 
April 13, -1982; and U.S. Pat; No, 5,006,394 issued to Baird on April 9, 1991. The 
disclosures of each of these patents are hereby incorporated herein by reference. The 
web 80 is preferably made from a thermoplastic film. Examples of suitable materials 
for use as the web 80 include but are not limited to polyolefins such as polyethylene* 
including linear low density polyethylene, low density polyethylene, ultra low density 
polyethylene, high density polyethylene, and polypropylene; metallocene catalyst-based 
polymers; nylon (polyamide); cellulose esters; poly (methyl methacrylate); polystyrene- 
poly (vinyl chloride); polyester; polyurethane; compatible polymers; compatible co-' 
polymers; biodegradable polymers; and blends, laminates and/or combinations thereof 
Films made from such materials may be plasticized with suitable additives known in the 
art. Other additives may be added to achieve the desired physical characteristics. . 

The fluid -pervious plastic web 80 exhibits a multiplicity of apertures or fluid 
passageways (e.g., apertures 71) which are formed by a. multiplicity of intersecting 
fiber-like elements (e.g., ; elements 91, 92, 93, 94, and 95) interconnected to one 
another in the first or wearer-contacting surface 90 of the web. Each fiber-like element 
comprises a base portion (e.g., base portion 81) located in plane 102, and each base 
portion has a sidewall portion (e.g., sidewall portions 83) attached to each edge 
thereof. The sidewall or intermediate portions 83 extend generally in the direction of 
the second surface 85 of the web. The intersecting sidewall portions of the fiber-like 
elements are interconnected to one another intermediate the first and second surfaces of 
the web, and terminate substantially concurrently with one another in the plane 106 of 
the second surface 85. 
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As utilized herein,, the term "fluid passageway" is intended to encompass 

enclosed or at least partially enclosed structures or channels which may communicate > ? 

fluids. . The term fluid passageway is thus intended to encompass the terms "aperture", 

"channel", "capillary", as well as other similar terms. * 
5 In a particularly preferred embodiment, the interconnected sidewall or 

intermediate portions 83 terminate substantially concurrently with one another in the 

plane 106 of the second surface 85 to form apertures 89 in the second surface 85 of the 

web. The capillary networks 99 formed by the interconnected sidewall or intermediate 

portions 83 allow for the free transfer of fluid from the first or wearer-contacting 
10 surface 90 of the web directly to the second surface 85 of the web without lateral 

transmission of fluid between adjacent capillary networks. 

In accordance with the present invention, the first or wearer-contacting surface . 

90 of web 80 is relatively non-wettable compared to the relatively wettable 

intermediate or sidewall portions 83. A useful parameter of wettability is the contact 
u angle that a drop of liquid (gas-liquid interface) makes with the solid surface (gas-solid 

interface). Typically, a drop of liquid 110 placed on a solid surface 112 makes a 

contact angle, A, with the solid surface, as seen in FIG. 3. As the wettability of the 

solid surface by the, liquid increases, the contact angle, A, decreases.. As the wettability 

of the solid surface by the liquid decreases, the contact angle, A, increases. The liquid- f 
20 solid contact angle may be determined from techniques known in the art, such as those . ' * 

described in greater detail in Physical Chemistry of Surfaces, Second Edition, by Arthur ? 

W. Adamsdn (1967), F; E. Bartell and R H. Zuidema. J. Am. Chem. Soc. 58, 1449. 0 

(1936), and J. J Bikerman, Ind. Eng. Chem.. Anal Ed.. 13, 443 (1941), each of which 

are hereby incorporated herein by reference. More recent publications in this area 
25 include Cheng, et aL Colloids and Surfaces 43:151-167 (1990), and Rotenberg, et at, ; 

Journal of Colloid and Interface Science 93(1):169-183 (1983), which are also hereby •< 

ft* 

incorporated herein by reference. 

As used herein, the term "hydrophilic" is used to refer to surfaces, that are 

wettable by aqueous fluids (e.g., aqueous body fluids), deposited thereon. h 
30 Hydrophilicity and wettability are typically defined in terms of contact angle and the. . 

surface tension of the fluids and solid surfaces involved, This is discussed in detail in 

the American Chemical Society publication entitled Contact Angle. Wettability and 

Adhesion, edited by Robert F. Gould (Copyright 1964), which is hereby incorporated 

herein by reference. A surface is said to be wetted by a fluid (hydrophilic) when the 
35 fluid tends to spread spontaneously across the surface. Conversely, a surface is 

considered to be "hydrophobic" if the fluid does not tend to spread spontaneously 

across the surface. 



Printed from Mimosa 02/05/21,13:43:34 .Page: 11 



WO 96/00548 v : , r. . 

PCT/US95/07430 

••' . 10 

. The contact angle depends on surface'inhomogeneities (e.g.; chemical and 

physical properties, such as roughness), contamination, chemical/physical treatment of 
or cpmposmon of the solid .surface, as well as the nature of the liquid and its 
contanunauon. The surface energy of the ^olid also influences the contact angle As 
5 ^ ^ ««8y <rftHe solid decreases, ,he contact angle hxreases. - As the surface 
energy of the solid increases, the contact angle decreases. 

, The energy required to separate a liquid from a solid surface: (e.g., a film or ■ 
fiber) is expressed by equation (1): . . . . , 

; 10 • • • : ' . . (i) ,w=G(i + cosA) . . f ' ; ; ; ,; . V. . 

' •• .' • '• where:... ' j . '.' * . ,'. ''•*•'.;. ' "• •■' '' 

Wis the work of adhesion measured in erg/ cm 2, ... ! • " . : 

,G is the surface tension of the liquid measured in dyne/cm, and , ■ - V 

15 . ' - A ^enquidrsolid contact angle measured' m degree . • • . ! . 

> WUh 3 ** Uquid ' the ^ of adhesion increases with the cosine of the, liquid-solid ' 

contact angle (reaching a maximum where the contact angle A is zero) 

- Work of adhesion is one useful tool in understanding .and quantifying the ; - ■ 
^energy characteristics of a i^i^:^^^^^;.^. 

• ^ ~ the surface energy characteristics of a given" surface. is the" ^ 

parameters 

genes No 41 Chap ter! , American Chemical Society (1964), both of which are hereby 
incorporated herein by reference. 

M A TT"? ' m JMe l '» «*mme relationship between contact angle 
and work of adhesion for a particular fluid (e g., water), whose surface tension is 75 
dynes/cm. 



30 



TABLE 1 



Regress) • «lA- j*^ V 

• i- ; ■ •• ••2.: . •. i 50 . 



30 0.87 



60 



1.87 ... ho 



0.5 1.50 



90 0 
120 . , • .. 0 .5 



113 



100. 75, 

0.5 . v • i 38 
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150 -0.87, . 0.13 < 10 . 

180 -1 0 0 • , . • 

As depicted in Table 1, as the work of adhesion of a particular surface decreases 
(exhibiting a lower, surface energy of the particular surface), the contact angle of the 
fluid on the surface increases, and hence the fluid tends to "bead up" and occupy a 
5 smaller surface area of contact. The reverse is likewise true as the surface energy of a 
given surface decreases with a given fluid. The work of adhesion, therefore, influences 
mterfacial fluid phenomena on the solid surface. 

More importantly, in the context of the present invention, surface energy 
gradients or discontinuities have been found to be useful in promoting fluid transport. 

10 FIG. 4 illustrates a droplet of fluid 1 10 which is located on a solid surface having two 
regions 113 and 115 having differing surface energies (indicated by the different cross- 
hatching for illustrative purposes). In the situation illustrated in FIG. 4, region 113 
exhibits a comparatively lower surface energy than region 115, and hence a. reduced 
wettability for the fluid of the droplet than region 115. Accordingly, the droplet ,110 

15 produces a contact angle A(b) at the edge of the droplet contacting region 1 13 which is 
greater than the contact angle A(a) produced at the edge of the droplet contacting 
region 115. It should be noted that although for graphic clarity the points "a" and V 
lie in a plane, the distance M dx w between points w a H and "b" need not be linear, instead 
representing the extent of droplet/surface contact regardless of the shape of the surface. 

20 Droplet 110 thus experiences a surface energy imbalance and hence an external force 
due to the differences in the relative surface energies (i.e., the surface energy gradient 
or discontinuity) between regions 113 and 115, which can be represented by the 
equation (2): 



; 5V 



25 (2) dF = G[cosX(a)-cos A(b)]dx 



where: 

30 dF is the net force on the fluid droplet, 

dx is the distance between the reference locations "a" and V, 

G is as defined previously, and 

A(a), and A(b) are the contact angles A at locations "a" and M b", respectively. 

33 Solving equation (1) for cos A(a) and cos A(b) and substituting into equation 
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(2) yields equation (3): • 

(3) • dF = G [(W(aVG - 1)- (W(b)/G * 1)] dx ' 

Equation (3) can be simplified to equation (4): . 

\ '* / ' W dF = (W(a)-W(b))dx 

- The importance of the differential in surtace energy between the two surfaces is 
clearly deleted in equation (4), as is the directly proportional effect that changes in the 
magrutude of the differential in work of adhesion would have on the magnitude of the 
torce. ■ v > - .. * ; * v ■ • 

.; More detailed.discussions of the physical Wof surface energy effects and 
capdlanty^may be found in I^iMpience and Technolo^, Volume 7, Absorb^ 
ed-tedby PortnoyK. Chatterjee (1985), and Canillaritv iw, 
^51,10 (1969) by ^ ^ Schwartz, which are hereby incorporated ierenTby- 

. ^ Acc^rdmgly, the force experienced by a droplet will cause movement in the 
dn-ecuon of the lugher surface energy. For simplicity and graphic clarity, the surface 
energy grad.ent or discontinuity has been depicted V FIG. 4 as a single sharp 
Ascohtmrnty or boundary between well-defined regions of constant but differing 
surface; energy. Surface energy gradients may also exist as a continuous gradient or a 
step-wisegradient, with the force exerted , on any particular droplet (or portions of such 
droplet) berng determined by the surface energy at each particular area of droplet 

contact - ' . - r * 



25 contact 



As used herem, the term "gradient" when applied to differences in surface . 
energy or work of adhesion is intended to describe a change in surface energy or work 
of ad^on occurring over a measurable distance. The term "discontinuity" is intended 
to refer to a type of "gradient" or transition, wherein the change in surface energy 

- occurs over an essentially zero distance. Accordingly, .as used herein all 
discontmuities" fall within the definition of "gradient". ■ 

Also, as used herein the terms . "capOlaiyr and •"capillariiy'' aie ua^d -«b^ ^fbr'to'' 
passageways, apertures, pores, or spaces within a structure which are capable of fluid 
transport in accordance with the principles of capiUarity generally represented by the 

3J Laplace equation (5): ■ 

(5) p = 2G(cosA)/R ' t • ; 
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where: 

p is the capillary pressure; 

R is the internal radius of the capillary (capillary radius); and 
G and A are as defined above. 

As noted in Penetration of Fabrics by Emery I. Valkq, found in Chapter in of 

Chem. Aftertreat. Text. (1971), pp. 83-113, which is hereby incorporated herein by 

reference, for A = 90°, the cosine of A is zero and there is no capillary pressure. For A 

> 90°, the cosine of A is negative and the capillary pressure opposes the entry of fluid 
10 into the capillary. Hence, the capillary walls must be of a hydrophilic nature (A < 90°) t 

for capillary phenomena to occur. Also, R must be sufficiently small for p to have a 

meaningful value, since as R increases (larger aperture/capillary structure) the capillary 

pressure decreases. • . ...... . 

; Perhaps at least as important as the presence of surface energy gradients is the 
15 particular orientation or location of the gradients themselves with respect to the . 

orientation and location of the capillaries or fluid passageways themselves. More 

particularly, the surface energy gradients or discontinuities are located in relation to the , 

capillaries such that fluid cannot reside on the first or upper surface without contacting 

at least one surface energy gradient or discontinuity and thus experience the driving 
20 force accompanying the gradient. Fluid moved to or otherwise present at a capillary ■ * . 

entrance will preferably contact at least one Z-direction gradient or discontinuity 

present , in the capillary itself near the capillary entrance, and thus experience the Z- 

direction driving force to drive the fluid into the capillary where capillary forces take 

over to move the fluid away from the first surface. In a preferred configuration, the 
25 capillaries preferably exhibit a low surface energy entrance length and an otherwise 

higher surface energy capillary wall or surface such that the surface energy gradient or 

discontinuity is a comparatively small but finite distance below the first surface. In such 

a location the discontinuity or gradient is positioned such that fluid in contact with the ■/, .% 

first surface at the edge of the capillary or over the open end of the capillary wll ha,ye a \ 
30 lower surface or meniscus which will extend downwardly into the open end of the 

capillary where it will contact the discontinuity. . 

By way of further explanation of this principle, FIG. 5 depicts a droplet 1 10 of 

a fluid which is located , over a generic capillary or fluid passageway. This 

representation is intended to be sufficiently generic as to represent the concept 
35 expressed herein without being limited to a particular web material, design, or 

construction. Analogously to FIG. 4, the capillary is formed so as to present surfaces 

1 13 and 1 1 5 having different surface energi es (indicated by the different cross-hatching 
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for ulustrative purposes). As in FIG. 4; the surface energy of surface 1 13 is at a 

. ^ at surface 113 is regarded as hydrophobic. Accordingly, the droplet ee^ 
-uc ^ surface 1,3^ exhibit a reUtively larger contact angle- A Ih th!t the 

US t a ' ?harP dCPartUre fr ° m "3. Surface 

115^ the other hand, has a comparatively higher surfece .nergy in comparison with 

Inthes^ationdepictedm 

0 T rrr*" ***** * * condition where' the surface ■££ 

o forces and grav.tat.onal forces are roughly m equihbrium;, The lower portion of the 

T hC ^ Wa " m . the ~gion 113 havtag . hydrophobic surface energy 

ir^T' , The SU,feCe diSCOntinui ^ « transition betwel 

surf ces 113 and 1,5 is. particu.ariy determined so as to contact the lower portion of 
he droplet ,n the vicinity of theedge of the meniscus 117. The orientation of the 
^et and depth of the meniscus of the droplet are determined by suchfactors as fluid 
vrscos,ty^u,d surface tension, capillary size and shape, and the surface energy of the 
upper surface and capillary entrance. ' , ^ 

the iJH t ^ P° sitions itself over the capiUary entrance and 

he lower edge of the droplet contacts the Z-direction surface energy gradient, 
d.scontmmjy, or transition between surfaces 1,3 and 115, the meniscus 1,7 whTh is of 
a convex shape reverts to a con^ve-shapeu meniscus such as memscus ,,o 
^dash hne form. When the menisc* changes toa concave fbrm such as Lscus C 
,19, the flmd wets the capillary wall in fie vicinity of the upper region 0 f the 
hydropic surface „5 and the fluid, experiences an externa, force due tol surface 
energy deferential described above in equation (3). The combined surface energy and 
capjUary pressure forces thus act in concert to W the fluid into the capUla^ for 
caprllary flurd transport away from the first surface. As the fluid droplet Les 
ownward urto^the capillary, the comparatively ,ow surface -energy nature of the • 
surface 1 13 at the upper region of the capillary minimizes the attraction of the fluid to 
to^:^™«^'«*:tM-6nto4^ reducing the incidence of 
«u.d hang-up or residue on or near the upper surface. 

Water is used as a reference liquid throughout only as an example for discussion 
purposes and is not meant to be limiting. The physical properties of water are well- ; 
es abbshed, and water is readily available and has generally uniform properties 
wherever obtamed. The concepts regarding work i'oif adhesion with respect to water 
can easdy be applied to other fluids such as Wood, menses' and urine, by taking into 
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account the particular surface tension characteristics of the desired fluid. . . 

-Referring to FIG. 2, while the first or wearer-contacting surface 90 of web 80 t 

has a relatively low surface energy, and a relatively low work of adhesion for a given , 

fluid (e.g., water, or bodily fluids such as menses), the sidewall or intermediate portions 
5 83 of the web 80 preferably have a relatively high surface energy and a relatively high 

work of adhesion for a given fluid. Since the intermediate portions 83 of the web 80 

have a relatively higher surface energy as compared to the first surface 90, the . 

intermediate portions 83 are.more wettable than the first surface 90. % .. 

The second surface 85 of the web 80 preferably has a higher surface energy and 
10 a higher work of adhesion for fluid than that of the first surface 90. The surface.energy . 

and work of adhesion for fluid of second surface 85 may be the same as that of the 

intermediate portion 83. In a preferred embodiment, the surface energy and work of , 

adhesion for fluid of the second surface 85 are relatively, higher than that of the 

intermediate portion 83. 
is By having a web with a surface energy gradient formed by structures creating a 

relatively low .surface energy adjacent the portion of the web which will be placed 

adjacent to and in contact with the wearer's skin (i.e., the first surface 90), and a . 

relatively higher surface energy portion located away from contact with the wearer's 

skin (i.e., the sidewall or intermediate portions 83), the web 80 will be capable of 
20 moving a drop of liquid from the portion of the web exhibiting the relatively lower r ; 

surface energy to the portion of the web exhibiting the relatively higher surface energy. *> 

The motion of the drop of liquid is induced by the contact angle differential between ? - v% 

the lower surface energy portion and the higher surface energy portion which results in 

an imbalance in surface tension force acting on the solid-liquid contact plane. It is . > 
25 believed that this resulting surface energy gradient, which enhances the fluid handling 

properties of the web 80 of the present invention arid which makes the web well suited J: - 

for use as a topsheet on an absorbent article, such as topsheet 22 on absorbent article t ' 

20 illustrated in FIG 14. , . . ! r|; 

In addition to the enhanced fluid handling properties, by designing the web so 
30 that its relatively lower surface energy portion can be placed in contact with, the 

wearer's skin, the adhesion between the skin and the web is reduced by decreasing the . 

capillary force generated by occlusive body fluids located between the first surface of 

the web and the wearer's skin. By providing a structure with reduced adhesion 

between the wearer's skin and the web, the sensation or impression of stickiness 
35 associated with adhesion to a plastic web topsheet is also reduced. 

The potential for rewet is also reduced by having a topsheet with a surface 

energy gradient according to the aforementioned description. As use forces tend to 
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force the collected fluid to rewet or be squeezed out of the pad (eg squeezed by 
compression from the absorbent core towards the first surface of the tpsheet) such 
2 — * ^ reSiSted ^ ^ * SUrf3Ce ° f the -psheetwhich ^ 

5 ad l IT - ^ 10 rCPel ^ 38 k attemptS 10 make its ^ of the 
s pad through the openings in the topsheet. < 

forces of the surface energy gradients of the topsheet. Fluid is moved in the »Z» 
d.rect.on toward the second surface of the topsheet via the surface energy gradients 
from the first surface energy to the relatively higher surface energy of the sidewall 
io portions ofthe topsheet toward the absorbent core. 

imnnrt SUr&CC "^.^ems of the present invention, it is 

^portant to remember that the upper and lower bounds of any such gradient are 
relate with respect to one another, i.e., the regions of the web whose interface defines 
a surface en^gy gradient need not be on different sides of the hydrophobic^ydrophilic 
pectrum. That ,s to say, a gradient may be established by two surfaces of diverse 

be e^abhshed w th regard to a hydrophobic surface and a hydrophilic surfaJ 
N^thstandmg the foregoing, h is presently preferred that the ' upper surface of the 
web have a comparably low surface energy; U, that it be generally hydrophobic in 

7Z 1 f0rCC «*2 Ld nize the 

overall wettability of the wearer-contacting surface. 

sunerficl^ 6 ^ >tIUCtUreS k * Pri0r ^ ^ tempted to utilize various 
superfical coatmgs to uupart greater hydrophobicity and/or reduced coefficient of 

■ SffWr ^ UPPer SUrfaCe ° f 3 WCb > SUCh W typicauy substantially 
reduce ff not elmunate topographical surface features present in the uncoated web As 
d-scussed above, such surface features are an important physical feature with regard to 
-sual and fcctue impression, .M^^c^i^^^.^ 
finish which accentuates the sweaty, sticky, plastic-like feel of such webs 

Without wishing to be bound by theory'^rface topog^ 
a major role « . not only reducing the negative visual and tactile impressions nonnaUy 

ZTt £ ^ ^ *°- " tnu^rf and retention of 

bod,ly flmds. Accordingly, fluid pervious webs according to the present invention 
preferaMy are constructed so as to preserve the physical surface topography of the 
mmaUy formed web, i.e., wherein the surface features survive the gradient-generating 

HG. 6 is an enlarged partial view more clearly depicting the orientation of 
reg.ons98 O hmefir«surface90andinmecapiJlari« .... 
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should be noted that with regard to FIG. 6, as with subsequent figures, the size and ... 

shape of regions 98 have been exaggerated in resolution and thickness for graphic. 

clarity. The randomness and irregularity of such depositions or treatments exceed the 

limitations of graphic depiction, and hence the illustrations herein are intended to be 
5 illustrative and not limiting. Accordingly, the regions 98 depicted in FIG. 6 are 

preferably also interspersed by even smaller regions which are too small and random to 

be depicted adequately in such an illustration. By way of reference, the surface texture 

in the form of microscopic aberrations (depicted at 58 in FIG. 1, not numbered but . 

shown in FIGS. 2, 6, and 7) is (as defined by the Ahr et al. reference) at a microscopic . 
10 level, and accordingly the relative size, thickness, and extent of the regions 98 can thus . 

be appreciated. , , . . 

The surface energy gradients of the present invention therefore exist in a unique . 1 

relationship to the surface features and/or textures of, a fluid pervious web made in 

accordance , herewith. As depicted in greater detail in FIG. 6, the surface energy 
15 gradients are preferably constructed by forming regions 98. of low surface energy which 

interface with surrounding, regions of the web which are of a comparatively higher , 

surface energy. Therefore, each region 98 generates a surface energy gradient at its 

boundary. Accordingly, the greater the number of regions 98, the greater the number 

of individual surface energy gradients. , Regions 98 are preferably discontinuous (Le„ , , 

20 not entirely, encapsulating the web) and spaced, leaving intervening regions of higher • 

surface energy. » * 
Note also in FIG. 6 the depiction of the thickness "t" of the surface energy 

treatment used to generate regions 98, and the depth "Z M to which any particular region 

98 extends below the first surface 90 of the web. The thickness M t" is preferably small . 
25 in relation to the depth or extent W Z" of the regions 98 so as to minimize the impact of ^ 
the generation of the regions on the topography of the web. In a case where the .« . / ; 

regions 98 are formed by a coating, the thickness V is the thickness of the coating. - : M 
Where the regions are formed by altering the , chemistry of the web material, the ^ 
thickness "t" would be less than or at most equal to the film gauge or thickness. , . ? a' 

At each gradient, a droplet contacting both surfaces experiences a driving force 
which imparts some degree of motion to the^ fluid and reduces the likelihood of fluid . 
stagnation or hangup, particularly on surface topography. Although the regions 98 
could be applied in a predetermined pattern, the regions 98 are preferably randomly 
35 oriented on the web surfaces, with the randomness increasing the likelihood that the 
surface energy gradients will be properly positioned so as to affect any particular 
droplet or quantity of fluid. Randomness is desirable not only across the first surface of 
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&rrl" A y , ^ * differin8 ,0Cati ° nS in ^ Section from J 
2 1* f Part,CU,ar flUid PaSSa86WayS may exhibit or less regions 98 

~ fluid pa^ewa, C ,, be enure, iocateo 



30 



35 



tew^, successtv, capillaries. The discontinue, of, hydrophobic 

^^•ed to a less hydrophobic (or more hydrophilic) sulrsoure such as^teweb^flhce 

*£, Accordtng,,,* ^ ^ .^.^ 

Aver*, dropta *. i, a raaddy dccrmi^a etaraaensde uUek * 
» te^iote^fir^^,^ point orVefcrenaTior 

fcfctad below) „. typ ically ^ „. lo ^ ^ _ ™ 

capdfctrroopon.ridalcoi^tlefbreacaiasidon)^ , : . ^ 

_ ' Witfait wisHn, to be bWby theory, improvements in fluid psss-throunh ' 

£ .upper atrtcea of the web,' as well as she mr^uen, of fluid nun, » UP p«^ , 

for fte-uuMl flmd conrardin, •«*, of the„* , 0 — 

. . W» ■ X-V dHvi^ fora. eo ^ d^dd smsn-sd. u . 

^.o^cnduum.lluld.mo^p^ve. The amell^le.gnadiente V. 
ought othe™* ho 4^ so as to straddle an tafc^ta, butd era, or surf* i . 



Printed fr omMimosa 02^1^4,4:03 Page: 2o" 



WO96/00548 * PCT/US95/07430 . , , 

19 

concavity present on the upper web surface where the fluid might otherwise be trapped 
or at least delayed in its journey toward the nearest available capillary. Accordingly, 
small scale surface energy gradients on the surface of a capillary web structure 
preferably have an average spacing which is smaller than the average intercapillary. 
, 5 spacing such that they interrupt otherwise constant surface energy land areas between . : 
capillaries. 

In addition, the regions 98, which are smaller in their surface-wise extent than 
the typical size of the droplet, stream, or rivulet of bodily fluid incident thereon, subject 
the droplet, stream, or rivulet of bodily fluid to destabilizing forces due to the 

io inevitability of the fluid bridging a surface energy gradient or discontinuity. 

While the surface energy gradients of the type herein described could 
advantageously be employed on non-capillary structures, including the surfaces of such \ 
structures as two-dimensional ("planar") films, in accordance with the present . 
invention, it is preferable to employ both small scale X-Y surface energy gradients and 

15 small scale Z-direction surface energy gradients of the type herein described to achieve 
maximum disturbance of fluid and droplet equilibrium and thus minimize fluid residence 
time and hang-up or residue on the upper regions of the web. Accordingly, the 
presence of regions 98 may be limited to the first surface of the web, and hence provide 
X-Y functionality, or limited to the interior of the fluid passageways, but is preferably V 

20 employed to best advantage both on the first surface of the web and within the fluid i 
passageways. ■ •. - . ■ . * 

Accordingly, in capillary web structures of the present invention the surface 
energy gradients provide a synergistic effect in combination with the capillary nature of 
the structure to provide enhanced fluid transport and handling characteristics. Fluid on 

25 the first surface of the web encounters two differing, complementary driving forces in 
its journey away from the first surface and toward the second or opposing surface of 
the web, and typically further onward into the interior of the absorbent article. These k 
two forces likewise combine to oppose fluid movement toward the first surface of the 
web, thus reducing the incidence of rewet and increasing the surface dryness of the , 

30 web. ■.".* t 

By way of a representative illustration of the synergism of the present invention 
vis-4-vis the combination or superposition of capillary and surface energy effects, 
capillary webs according to the present invention have been found to exhibit a unique 
combination of properties viewed as important from a consumer perspective. More 

3s particularly, capillary webs according to the present invention have been found to 
exhibit good acquisition, dryness, and masking characteristics, which will be defined 
hereafter; . • ■ 
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web ^ Sem f aCqUiSiti ° n 18 4 refleCti ° n ° f thC d6gree 10 Which the Q »« transport . 
webdoes or does not interfere, with fluid pass-through. , Unproved acquisition 
rate^ mes reflect little interference or impedance of fluid pass-tLgh, as well as 
actu, ln fluence 0ffluiddri ^ forces such u ^ ^J^^' 

' ■ ^ " ° f dCgree 10 WMCh ^ structured fluid 
ttansport . the opposite direction, in essence, the degree to which the structure acts as 
a one-way V alve for fluid flow in a preferential direction. Masking reflects the ' 
c^ness of the surface after- fluid pass-through, fcrther defined as 1 * - 

uniform^r""' « SUr6CC ^ ° f * ^ ^ Web structure decreases^ 
u^ormiy the maskmgand dryness at the surface improve, but at the expense of a 

T Chara * eristics C — .y, Movements in acquisition 
5 t^Sfv ff 8 TOe in su ^ --gy of a given capillary web structure are 

> typically offset by reduced masking and dryness characteristic, By utilizing the surface 

Zer ^ ,S * *" Cnergy ° f * surfac^emains • 

part.culariy *th the preferred orientation and location of the gradients 

n^Llr!° ^ in tte Parameter, Suitable analytical or test , 

-** web performance with regard to these attributes L desert 
m greater detad m the A£JALYTTCALA^^OD§ section below 

A number of physical parameters should be considered in designing a web 

n^eriL t ° f Ae SUr6CC ene,By differential ( which defends upon tie . 

n^enals utdazed), nngratability of materials, bio^mpatibility of materials, porosity or 

surface tens.cn, and the presence or absence of other structures on either side of the 

the ran ! >ref r? ly, the n * O0S 98 ° ftKe WCb 80 have a work of adhesion for water in 
the mnge o about 0 erg^2 to about 150 erg/^2, more preferably m :fc range of 

about 0 erg/ 2 to about 100 erg/^,2, and most preferably in the range of about 0 
r^ 9 ° h T^ 0 " 2 - 1 Preferab, y» Ae -ainder of the web surrounding 

7 rf ( W Preferab,y "* * ran 8 e of about 25 erg/^2 to about 150 erg/ cm 2 

SUBSTITUTE SHEET (RULE 26) 
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Preferably, the difference in the work of adhesion for water between the regions 
98 and the remainder of the web is in the range of about 5 erg/ cm 2 to about 145 
er g^cm 2 > more preferably in the range of about 25 erg/ cm 2 to about 145 erg/^ 2 , and 
most preferably in the range of about 50 erg/ cm 2 to about 145 erg/ cm 2. 

5 To manufacture a web such as web 80 depicted in FIG. 2 having surface energy 

gradients according to the present invention, a sheet of polyethylene is extruded onto a 
drum where it is vacuum formed into an apertured formed film and then, if desired, 
subjected to a corona discharge treatment generally in accordance with the teachings of 
U.S. Pat. Nos. 4,351,784 issued to Thomas et al. on Sept. 28, 1982; 4,456,570 issued 

10 to Thomas et al/ on Jun. 26, 1984; and 4,535,020 issued to Thomas et al. on Aug. 13, 
1985, the disclosures of each of these patents being incorporated herein by reference. 
The polyethylene may, if desired, have a surfactant incorporated into the resin or 
topically applied. A surface treatment having a relatively lower surface energy is then 
applied to the first surface of the apertured formed film to form regions 98 and is 

15 preferably cured. A suitable surface treatment is a silicone release coating from Dow 
Corning of Midland, Michigan available as Syl-Off 7677 to which a crosslinker . 
available as Syl-Off 7048 is added in proportions by weight of 100 parts to 10 parts, 
respectively. Another suitable surface treatment is a coating of a UV curable silicone 
comprising a blend of two silicones commercially available from General Electric 

20 Company, Silicone Products Division, of Waterford, NY, under the designations UV 
9300 and UV 9380C-D1, in proportions by weight of 100 parts to 2.5 parts, 
respectively. When such a silicone blend is utilized on a formed film such as depicted 
in FIGS. 2 and 6, coating application levels of about 0.5 to about 8.0 grams silicone per 
square meter of web surface area have performed satisfactorily, although other coating 

25 levels may prove suitable for certain applications depending upon the nature of the web 
material and surface, the characteristics of the fluid, etc.. The surface energy of the 
silicone release coating on the first surface of the apertured formed film is less than the 
surface energy of the polyethylene intermediate portions which may have been 
subjected to the corona discharge treatment and/or treated with a surfactant. * 

30 

Other suitable treatment materials include, but are not limited to, fluorinated 
materials such as fluoropolymers (e.g., polytetrafluoroethylene (PTFE), commercially 
available under the trade name TEFLON®) and chlorofiuoropolymers. Other materials 
which may prove suitable for providing regions of reduced surface energy include 
35 Petrolatum, latexes, paraffins, and the like, although silicone materials' are presently 
preferred for use in fluid-pervious webs in the absorbent article context for their 
biocompatibility properties. As used herein, the term "biocompatible" is used to refer 



Printed from Mimosa 02/05/2 1 13:44:15 Page: 23 



25 



30. 



35 



WO 96/00548 v ^ 

PCT/US95/07430 

22 \ 

to materiaJs having a low I^vpI 

. 

corrtopood, to • J*"» ; c »Wl»en«y, ^. . mnm,, . 

.■^^nMy.a. iane tote j^,™"^'"^ **<=»»,: M«tototo Ceof 

bioooropuania,. ftae,*,. ^fe. ' ' *"* « Poly«hyleoft tack 

AppBaooo wo 93/09741 or Ho™J ^""^ «"° "Mrponteo .Public ret 
^■ponuedberembytoftroioe °»<*>aire of whicb is he*y 

(e g., an aqueous solution of a surfactant such ... p Wettm 8 agent . 

«uea nrst surface 81. (regions ^) of the web. , 



WO 96/00548 



PCT/US95/07430 



23 



Another preferred method for converting a ribbon of polyethylene film, which 
may optionally have a surfactant mixed therein, into an apertured formed film is by 
applying a high pressure fluid jet comprised of water or the like against one surface of 
the film, preferably while applying a vacuum adjacent the opposite surface of the film. 

5 Such methods are described in greater detail in commonly assigned U.S. Pat Nos. 
4,609,518 issued to Curro et al. on Sept, 2, 1986; 4,629,643 issued to Curro et al. on 
Dec. 16, 1986; 4,637,819 issued to Ouellette et al. on Jan. 20, 1987; 4,681,793 issued 
to Linman et al. on July 21, 1987; 4,695,422 issued to Curro et al. on Sept. 22, 1987; 
4,778,644 issued to Curro et al. on Oct. 18, 1988; 4,839,216 issued to Curro et al. on 

io June 13, 1989; and 4,846,821 issued to Lyons et al. on July 1 1, 1989, the disclosures of 
each of said patents being incorporated herein by reference. The apertured formed film 
may, if desired, be subjected to a corona discharge, treatment. A silicone release 
coating, may then be applied or printed onto the first surface of the apertured formed 
film to generate regions 98, * and is preferably cured. The intermediate and lower 

15 portions of the apertured, formed film web may be dip coated with a wetting agent 
such that the non-silicone-treated intermediate and lower portions of the web have a 
relatively higher surface energy than does^the corona discharge-, and silicone-treated 
first surface 81 (regions 98) of the web. The surface energy of the silicone-treated 
regions 98 is less than the surface energy of the untreated portions of the web. 

20 FIG. 7 depicts another method of forming a formed film having a surface 

Energy gradient of the present invention utilizing a multilayer film in a forming process 
such as described above. The first layer 103 of the film, which will constitute the first 
surface of the web, is formed of a first material, while the second layer 101 of the film, 
which will constitute the second surface of the web, is formed of a second material. 

25 The second material preferably exhibits a greater ductility and a higher surface energy 
than the second material, so that during the aperturing process, the first layer 103 of the 
film fractures first while the second layer 1 0 1 of the film stretches to a greater extent to 
form the lower portion of the web. The first surface of the finished web is thus 
comprised of the first material, while the intermediate and lower portions of the 

30 finished web are comprised of the second material exposed following the fracture of the 
first material, with a boundary between the two materials located in the capillaries and 
slightly below the first surface of the web as illustrated in FIG. 7. 

The finished web thus exhibits a surface energy gradient from the first surface 
to the second surface defined by the interface between the edge of the first layer. 103 (a 

35 "region" corresponding to those of FIG. 6) without the additional steps of treating the 
first, intermediate, and/or second surfaces with additives or coatings. Note in FIG. 7 
the irregularity of the edge of the first layer -103, which corresponds to a random 
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As depicted in FIG. 9, the relationship of the regions 210 to the surface 
topography (including individual fibers protruding upward from the upper surface of 
the web) is believed to be an important aspect of the present invention. Note the 
intermittent or discontinuous, spaced nature of the regions with regard to the surface 
5 direction of the web and the thickness direction of the web, particularly since the 
surface treatment as depicted in FIG. 9 is actually a plurality of discrete particles, 
droplets, or globules which coat portions of individual fibers rather than a bridging or 
masking of the fibers which would occlude the interfiber pores. As discussed above, 
this discontinuity results in the generation of a plurality of small-scale surface energy 

io gradients which are believed to be beneficial from a fluid-movement perspective. + 
Also clearly depicted in FIG. 9 is the penetration of the surface treatment into 
and below the first surface 205 of the nonwoven web 202. While the majority of the 
regions 210 are concentrated near the first surface 205 itself, the treated regions extend 
downward through the web on a fiber-by-fiber basis to achieve a penetration analogous 

15 to that defined above with respect to the formed film web. Preferably, regions 210 are 
concentrated near the first surface 205 and decrease in frequency (increase in spacing) 
with increasing distance from the first surface, such that more low surface energy 
regions, and hence more surface energy gradients, are generated at or near the first 
surface 205 for greater effect on fluids on or near the first surface. On average, 

20 therefore, the upper regions of the web near the first surface would exhibit a lower 
average surface energy than that exhibited by lower regions of the web nearer to the 
second surface. > ; < 

Although the foregoing discussion has focused on the presently preferred 
apertured nonwoven structure having discrete apertures comparatively large in relation 

25 to the interfiber spacing, the principles of the present invention are believed to be 
applicable with equal effect to non-apertured nonwoven structures with sufficient 
effective porosity to permit the desired fluid pass-through characteristics. This 
applicability is believed to be due to the non-occlusion of the interfiber capillaries such 
that sufficient fluid passageways remain open for fluid transmission to the underlying 

30 structure: In a structure having discrete apertures comparatively large in relation to the 
interfiber spacing, non-occlusion is less important but still believed to be advantageous. 

Although the foregoing discussion has focused on a true nonwoven substrate, it 
should be understood that the concepts of the present invention: could be applied to. 
woven or hybrid - woven/nonwoven substrates in similar fashion. In< doing so, 

35 recognition of the degree of porosity present in the interwoven structure is necessary to 
extrapolate the foregoing discussion regarding the porosity and interfiber capillary, 
spacing of the nonwoven webs to interwoven structures. V . . y 
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each of such regions and the surrounding web surface which are believed to be 
beneficial from a fluid-movement perspective. 

Also depicted in FIG. 12. is the penetration of the regions 390 below the surface 
of the web and down into the apertures analogously to the discussion of the penetration 
5 above. FIG. 12 also depicts different levels or degrees of penetration of the regions 
390 into the macroapertures of the web, with . macroaperture 330 exhibiting 
comparatively little penetration below the first surface of the web and with 
macroaperture 340 exhibiting a greater degree of penetration. Preferably, regions 390 
are concentrated near the first surface and decrease in frequency (increase in spacing) 

io with increasing distance from the first surface, such that more low surface energy , 
regions, and hence more surface energy gradients, are generated at or near the first * 
surface for greater effect on fluids on or near the first surface. On average, therefore, , 
the upper regions ,of the web near the first surface^ would exhibit a lower, average . 
surface energy than that exhibited by lower regions of the web nearer to the second 

15 surface., ■ • . • . , ■; - 

More specific details as to the nature of the processes which may be utilized to 
manufacture the microapertured, macroscopically expanded and/or apertured formed . 
films depicted in FIGS. 10-12 .are set forth in commonly assigned U.S. Patent No. 
4,609,518, issued September,?, 1986 to Curro et al., the disclosure of which is hereby 

20 incorporated herein by reference. Following manufacture of the microapertured ' 
formed films, the surface energy gradient properties of the present invention are /. 
imparted to the formed films in the manner described above with respect to FIGS. 2 
and 6, and they may be incorporated into absorbent articles such as those depicted in 
FIGS. 14 and 15. Indeed, the surface energy gradient properties of the present 

25 invention are particularly useful in combating the tendency of fluids to accumulate in 
and around the microstructures present in formed films such, as depicted in FIGS. 10- 
12. This leads to webs haying improved clothlike .characteristics without sacrificing 
apparent consumer dryness. 

While much of the foregoing discussion has focused on unitary (one structural 

30 element in the Z-direction) fluid pervious webs of a single lamina or layer of material, it , 
is to be understood that the principles of the present invention are believed .equally , , 
applicable to unitary (one structural element in the Z-direction) fluid pervious webs of 
multiple laminae or layers which have been joined into a composite structure. « Whether 
such multi-laminae structures are of multiple layers of materials of similar physical 

as characteristics (i.e., plural film layers, plural woven layers, or plural nonwoven layers),, 
such structures may. also include the family of hybrid materials comprising layers from 
diverse physical families of materials, such as nonwoven/film composites, 
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While much of the foregoing discussion has focused on the presently preferred • 

approach of beginning. with a predominantly hydrophilic web and applying a coating, 

treatment, or overlying layer of material to generate low surface energy regions and to 

render the upper portions hydrophobic, it is to be understood that other approaches to 
5 generating surface energy gradients are contemplated as well and are within the scope 

of the present invention. Such approaches would include applying a hydrophilic 

material (e.g., a hydrophilic latex) to the lower portions of an originally hydrophobic 

web to generate hydrophilic regions with boundaries at interfaces with hydrophobic 

web surfaces, forming the web of two or more materials of diverse surface energy 
io characteristics with surface energy gradients formed by boundaries between the 

respective materials, forming the web of a material predominantly hydrophobic or 

predominantly hydrophilic and altering the surface chemistry of selected regions thereof 

by mechanical, electromagnetic, or chemical bombardment or treatment techniques . 

know in the art to thus generate selective surface energy gradients, preferential 
15 migration of chemical web components capable of surface energy alteration, treating 

hydrophobic regions to be temporarily hydrophilic and reveal surface energy gradients 

in use, etc: • ■ , . 

REPRESENTATIVE ABSORBENT ARTICLE |;v 
20 As used herein, the term "absorbent article" refers generally to devices used. to. / ? t , ; 

absorb and contain body exudates, and more specifically refers to devices which are | 
placed against or in proximity to the body of the wearer to absorb and contain the ^ 
various exudates discharged from the body. The term "absorbent article M is intended to. 

include diapers, catamenial pads, tampons, sanitary napkins, incontinent pads, and the ^ ^ 

25 like, as well as bandages and wound dressings. - The term "disposable" is used herein to ; '};:- 

describe absorbent articles which are not intended to be laundered or otherwise 

restored or reused as an absorbent article (i.e., they are intended to be discarded after 

limited use, and, preferably, to be recycled, composted or otherwise disposed of in an 

environmentally compatible manner). A "unitary" absorbent article refers to absorbent 
30 articles which are formed as a single structure or as separate parts united together to 

form a coordinated entity so that they do not require separate manipulative parts such 

as a separate holder and pad. . . 

A preferred embodiment of a unitary disposable absorbent article made in 

accordance herewith is the catamenial pad, sanitary: napkin 20, shown in FIG. 14. As 
35 used herein, the term "sanitary napkin" refers to an absorbent article which is worn by . 

females adjacent to the pudendal region, generally external to the i urogenital region, and 

which is intended to absorb and contain menstrual fluids and other vaginal discharges 
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As shown in FIG. 14, the sanitary napkin 20 preferably comprises a liquid pervious 
topsheet 4 22, a liquid impervious backsheet 23 joined with the topsheet 22, an 
absorbent core 24 positioned between the topsheet 22 and the backsheet 23, and a 
secondary topsheet or acquisition layer 25 positioned between the topsheet 22 and the 

5 absorbent core 24. 

The sanitary napkin 20 preferably includes optional side flaps or "wings" 34 that 
are folded around the crotch portion of the wearers panty., The side flaps 34 can serve 
a number of purposes, including, but not limited to helping to hold the napkin in proper 
position while protecting the wearer's panty from soiling and keeping the sanitary 

10 napkin secured to the wearer's panty. < 

FIG. ; 15 is a cross-sectional view of the sanitary napkin 20 taken along section 
line 15-15 of FIG. 14. As can be seen in FIG. 15, the sanitary , napkin 20 preferably 
includes an adhesive fastening means 36 for attaching the. sanitary napkin 20. to the 
undergarment of the wearer. Removable release liners 37 cover the adhesive fastening 

15 means 36 to keep the adhesive from sticking to a surface other than the crotch portion 
of the undergarment prior to use. 

The topsheet 22 has a first surface 22a and a second surface 22b positioned 
adjacent to and preferably secured to a first surface 25a of the fluid acquisition layer 25 
to promote fluid transport from the topsheet to the acquisition layer. The second $ 

20 surface 25b of the acquisition layer 25 is positioned adjacent to and is preferably 
secureduo the first surface 24a of an absorbent core or fluid storage layer 24 to 
promote fluid transport from the acquisition layer to the absorbent core. The second 
surface 24b of the absorbent core 24 is positioned adjacent to and is preferably secured 
to the first surface 23a of the backsheet 23, 

25 In addition to having a longitudinal direction and a transverse direction, the 

sanitary napkin 20 also has a W Z" direction or axis, which is the direction proceeding 
downwardly through the topsheet 22 and into whatever fluid storage layer or core 24 
that may be provided. The objective is to provide a substantially continuous path 
between the topsheet 22 and the underlying layer or layers of the absorbent article 

30 herein, such that fluid is drawn in the "Z" direction and away from the topsheet of the 
article and toward its ultimate storage layer. 

The absorbent core 24 may be any absorbent means which is capable of 
absorbing or retaining liquids (e.g., menses and/or urine). As shown in FIGS. 14 and 
15, the absorbent core 24 has a body surface 24a, a garment facing surface 24b side 

35 edges, and end edges. The absorbent core. 24 may be manufactured in a wide variety of 
sizes and shapes (e.g. rectangular, oval, hourglass, dogbone, asymmetric, etc.) and 
from a wide variety of liquid-absorbent materials commonly used in sanitary napkins 



t 

A'- 



Printed from Mimosa 02/05/21 13:45:05 Page: -33 



30 



35 



WO 96/00548 

PCT/US95/07430 

32 

and other absorbent articles such as communitive wood pulp which is senera.1 > , 
toasairfelt Examn.^ «*u • . P s S enera % referred 

waddinr LhT f ° ther SUItable abso ^' Materials include creped cellulose 

s moss; tissue uicludinR tissue wram , • Polyester fibers; peat 

matenal or combmation of materials, or mixtures of these • • 

Exemplary absorbent structures for use as the ♦ • . '* 

invention are described in U.S Pat No 4 950 2^ T Z V " ^ 
1990- t'f« p« xt , *, A V ' a 4 - 950 > 264 ,s sued to Osbonr oh August 21 • 

rat. No. 4,834,735 issued to Atantu, « ,|. „„ M „ 30 „... _ "' U i - 
Application No. 0 198 683, the Pro-r 4 cji. r ^* S " 

may b. puw „r driven Son, ft, ^ tayer ^ fc « 



WO 96/00548 - PCTYUS95/07430 

33 

facing surface and the body facing surface respectively of the absorbent core 24 and are 

preferably joined thereto and to each other by attachment means (riot shown) such as 

those well known in the art. For example, the backsheet 23 and/or the topsheet 22 may 

be secured to the absorbent core or to each other by a uniform continuous layer of 
5 adhesive, a patterned layer of adhesive or any array of separate lines, spirals or spots of 

adhesive. Adhesives which have been found to be satisfactory are manufactured by 

H.B. FuUer Company of St. Paul, Minnesota under the designation HL-1258, and by 

Findlay of Minneapolis, Minnesota, under the designation H-2031. The attachment 

means will preferably comprise an open pattern network of filaments of adhesive as 
10 disclosed in U.S. Pat. No. 4,573,986 issued to Minetola et al. on March 4, 1986, the 

disclosure of which is incorporated herein by reference. An exemplary attachment - - 

means of an open patterned network of filaments comprises several lines of adhesive 

filaments swirled into a spiral pattern such as illustrated by the apparatus and method ■ 

shown in U.S. Pat No. 3,91 1,173 issued to Sprague, Jr. on October 7, 1975; U:S; Pat. 
15 No. 4,785,996 issued to Zieker, et al. on November 22, 1978 and U.S. Pat. No. 

4,842,666 issued to Werenicz on June 27, 1989. The disclosures of each of these 

patents are incorporated herein by reference. Alternatively, the attachment means may 

comprise heat bonds, pressure bonds, ultrasonic bonds, dynamic mechanical bonds or 

any other suitable attachment means or combinations of these attachment means as are .j> f ■ 

20 known in the art. J. 
The backsheet 23 is < impervious to liquids (e.g., menses and/or urine) and is 

preferably manufactured from a thin plastic film, although other flexible liquid , v ■ 

impervious materials may also be used. As used herein, the term "flexible" refers to , 

materials which are compliant and are more readily conformed to the general shape and 
25 contours of the human body. The backsheet 23 prevents the exudates absorbed and . 

contained in the absorbent core from wetting articles which contact the sanitary napkin / 

20 such as pants, pajamas and undergarments. The backsheet 23 may thus comprise a * o 

woven or nonwoven material, polymeric films such as thermoplastic films of ' ;$ 

polyethylene or polypropylene, or composite materials such as a film-coated nonwoven \ 
30 material. Preferably, the backsheet of the polyethylene film having a thickness of from ■ 

about 0.012 mm (0.5 mil) to about 0.051 mm (2.0 mil). Exemplary polyethylene films 

are manufactured by Clopay Corporation of Cincinnati, Ohio, under the designation 

P18-1401 and by Tredegar Film Products of Terre Haute, Indiana, under the V 

designation XP-9818. The backsheet is preferably embossed and/or matte finished to 
33 provide a more clothlike appearance. Further, the backsheet 23 may permit vapors to 

escape from the absorbent core 24 (i.e., breathable) while still preventing exudates from 

passing through the backsheet 23. 
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entitled "Sanitary Napkin", which, issued to Van Tilburg on May 20, 1986. The 

disclosure of each of these patents is hereby incorporated herein by reference, .. . 
In a preferred embodiment of the present invention, an acquisition iayer(s) 25 

may be positioned between the topsheet 22 and the absorbent core 24. The, acquisition 
5 layer 25 may serve several functions including improving wicking of exudates oyer and 

into the absorbent core. There. are several reasons; why the improved wicking of 

exudates is important, including providing a more even distribution of the exudates 

throughout the absorbent core and allowing the sanitary napkin 20 to be made relatively 

thin. The wicking referred to herein may encompass the transportation of liquids in 
10 one, two or all directions (i.e., in the x-y plane and/or in the z-direction). The 

acquisition layer may be comprised of several different materials including nonwoven or., 

woven webs of synthetic fibers including polyester, polypropylene, or polyethylene; 

natural fibers including cotton or cellulose; blends of such fibers; or any equivalent 

materials or combinations of materials. Examples of sanitary napkins having an 
15 acquisition layer and a topsheet are more fully described in U.S. 4,950,264 issued to 

Osbomand U.S. Patent Application Serial No. 07/810,774, "Absorbent Article Haying 

Fused Layers", filed December 17, 1991 in the names of Cree, et al. The disclosures of 

each of these references are hereby incorporated herein by reference. , In -a preferred 

embodiment, the acquisition layer may be joined with the topsheet by any of the f 
20 conventional means for joining webs together, most preferably by fusion bonds as is ,f. 

more fully described in the above-referenced Cree application. 

In a preferred embodiment the acquisition layer 25 preferably has a surface 

energy gradient similar to that of the topsheet 22 and/or absorbent * core 24., In a 

preferred embodiment, the first or wearer-facing surface 25a preferably has a relatively A 
is low surface energy as compared to the absorbent pad contacting surface 25b. 

Preferably, the surface energy of the first surface 25a of. the acquisition layer 25 is 

preferably greater than the surface energy of the second surface of the topsheet 22. 

Furthermore, the second surface of the acquisition layer 25b has a relatively low surface 

energy compared to the surface energy of the body facing surface 24a of the absorbent • \ 

30 core 24; '*;•"*■ - ^ " • 

Referring now. to FIG. 16 there is shown another preferred embodiment of a t , 

sanitary napkin 120 made according to the present invention. The sanitary napkin 120 

is shown in FIG. 16 as viewed from its first or wearer-contacting surface 120a. The 

sanitary napkin 120 includes a liquid pervious, topsheet 122, a liquid impervious 
33 backsheet (not shown), joined with the topsheet 122, an absorbent core (not shown), 

positioned between the topsheet 122 and the backsheet, and an acquisition layer (not 

shown) positioned between the topsheet 122 and the absorbent core. 
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as a first^t ^ ^ 3 of -gio„s. and/or zones- such 

r*o„ m.Freferably, the Jsu^S ZSS? a fc ^ 

he adjacent second region 134.: Likewise, the first surface of the topshee 22 w^n 
*e second region 134 has a relative* higher surface energy than StTJ^S 

• will be dnven from the third region. 136 toward the second region 134 and from the 

WMe tteita orw^-comaatag of ft e ,<,p Sheel 122 ^ ^ 

the^first surface and the sidewall or intermediate portions of theTonW 2^ • 
surface energy of the sidewaH portions- 134 wiL tK 

disclosed in FIG. 2; ' " the 2 - d,rect,on similar to that pf web . 80 

first J" SOm r \ SitUatioi,sit ^ desirable to have a surface energy gradient on the ' 
first surfa^of the topsheet 122 which forces fluid from the first re^^ 

fim surface of tie topsheet 122 within the first region 132 has a relatively W ' 
^7**^**"** WUhin *• "Ntat second reg, „ i" 
fe^, j UrfaCe 0fthe t0PShCet ^2 within the s^nd region I has a 

X 32 t f dCP °" ied 122 be driven from the £ 

region 132 toward the second reDinn i^ «^ . ■ uwnra / 

third region 136 ThilZ f T SeC ° nd ^ 134 toward *e 

fiilly titi^HTthe h ""^^ gradient may be desirable when trying to 

fl^L"^ ^/t^ ° f ""^S core b y sp^?^^ 

the peripheral portions of the underlying absorbent core 

anoval^ ?T -136 are shown in FIG. 16 as generally being of 

an oval configurat,on. However, the regions may be formed in a wide variety 0 f shapes " 
and s«es, such as rectangular, euiptic., bourns, dogbone, asymmetric^L 
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circular, etc., or even random shapes and sizes. 

Referring now to FIG. 17 there is shown a sanitary napkin 180 as .viewed from 
its first surface 180a. The sanitary napkin 180 includes elements or components similar 
to that of sanitary napkin 20 shown in FIGS. 14 and 15 such as a liquid pervious 
5 topsheet 182, a liquid impervious backsheet joined with the topsheet 182, an absorbent 
core positioned between the topsheet 182 and the backsheet, and a secondary topsheet - 
or acquisition layer positioned between the topsheet 182 and the absorbent core. The 
sanitary napkin 180 has a periphery 190 which is defined by the outer edges of the . 
sanitary napkin 180 in which the longitudinal edges (or "side edges") are designated 
>io 191 and the.end edges (or "ends") are designated 192. 

The topsheet 182 includes a plurality of regions extending generally parallel to •■ . 
the longitudinal axis "L" of the sanitary napkin 180, and includes a first or central 
region 184 extending parallel to the longitudinal axis from one end of the sanitary 
napkin to the other end. Adjacent to the first or central region 184 is a pair of second 

15 regions 185, 186 extending essentially parallel to the first region 184. Adjacent the 
second regions 185, 186, respectively, are a pair of third regions 187, 188. Preferably, 
the first region has a relatively high surface energy as compared to the second regions 
185, 186. Similarly, the second regions 185, 186 have a relatively high surface energy 
as compared to the third regions 187, 188. * 

20 Alternatively, the first region may have a relatively low surface energy as 

compared to the second regions 185, 186. The second regions 185, 186 may then have • 
a relatively low surface energy as compared to the third regions 187, 188. * 

It should be noted that the surface energy characteristics of the regions depicted 
in FIGS. 16 and 17 are in addition to the surface energy gradients and characteristics of 

25 the present invention. Accordingly, within one or more of the defined regions in FIGS. 
16 and 17 the surface energy features and characteristics described in FIGS. 2 and 6-13 
are included therein as well. i 

A representative embodiment of a disposable absorbent article in the form of a 
diaper 400, is shown in FIG. 18. As used herein, the term "diaper" refers to a garment 

30 generally worn by infants and incontinent persons that is worn about the lower torso of •. 
the wearer. It should be understood, however, that the present invention is also 
applicable to other absorbent articles such as incontinent briefs, incontinent pads, 
training pants, diaper inserts, sanitary napkins, facial tissues, paper towels, and the like. 
The diaper 400 depicted in FIG. 18 is a simplified absorbent article that could represent 

33 a diaper prior to its being placed on a wearer. It should be understood, however, that 
the present invention is not limited to the particular type or configuration of diaper 
shown in FIG. 18. ....... 
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35 



with alHhe'e a J 77 ^ *"* 4 °° '** *ate (U • 

wi h all the elastic induced contraction removed) with portions of the structure beit 
cut-away to more clearly show theconstruction of the diaper 400 The nort 1? 

18 t0 Preferably comprise a liquid pervious toosheet 404- a r -a ■ 

*« t**,*-..*^ fc ^ ^ ^ *J 
(mch as ope ub toenm)ni.yJso be included . ,. 

•MM - vmv of wll kno™, colons. a prefcTOl ^ 

- a,apers nerem ^e also disclosed in; U.S.; Patent 4 808 1 7« r a - i, 
is issued February 28 1989- U S P»w a «« v ^. „ 4,808,178 (Aziz et al), 

USTanHnTp / Vl!,^ ' ' 95,278 ( Lawson )> issued September 22 

1987, and U.S.- Patent 4,816,025 (Foreman), issued March 28, 1989 the disclosures of 
each of these patents hereby being incorporated herein by reference 

404 J^tTT^ 

and supermposed on the backsheef 409 .k k , lo P s «eet 404 is joined with, 
' 400 Th* n • T \* 7 thereby formin * the P^P^ of the diaper 

IV ^ ^ ° Uter PerimCter ° r the ^ «f the dZper 400 The 
Penpherycompnsestheende d ges401 and the longitudinal edges 403 

ski*. f^*i»" 't*- ^"!P8*W'ioft. feeling, 'and v**^ ^™** 

t' ^:?*^ 4Mis ^ 

T^T A ^ 404 <»" be -"■*»* fromtwTX 

o matenals such as porous foams, reticulated foams, apertured plastic £ na3 
^(e.g wood 0 r cotton fibers)> . synthetic »« fo^»££2 

fibers halr^ r^ **** 404 COi " piiseS 'ength polyp^pylene ^ . 
byHerrf ^ • 

fibers ^rstothosefibershavmgalengthofatleastaboutl^n™ 

Itee are a number- of maufi^ techniques which-, can be used to . 
manufacture the topsheet 404. For example, the- topsheet 404 can be wove" 
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nonwoven, spunbonded, carded, or the like. A preferred topsheet is carded, and 

thermally bonded by means well known to those skilled in the fabrics art. Preferably, 

the topsheet 404 has a weight from about 18 to about 25 grams per square meter, a 

minimum dry tensile strength of at least about 400 grams per centimeter in. the machine 
5 direction, and a wet tensile strength of at least about 55 grams per centimeter in the 

cross-machine direction. ■ , 

The backsheet 402 is impervious to liquids and is preferably, manufactured from 

a thin plastic film, although other flexible liquid impervious materials may also be used. 

The backsheet 402 prevents the exudates absorbed and contained in the absorbent core . 
10 406 from wetting articles which contact the diaper 400 such as bed sheets and. 

undergarments. Preferably,* the backsheet 402 is polyethylene film having a thickness 

from about 0;012 mm (0.5 mil) to about 0.051 centimeters (2.0 mils), although other 

flexible, liquid impervious materials can be used.. As used herein, the term "flexible" - 

refers to materials which are compliant and which will readily conform to the general , 
15 shape and contours of the wearer's body. 

A suitable polyethylene film is manufactured by Monsanto Chemical 

Corporation and marketed in the trade as Film No. 8020. The backsheet 402 is ^ 

preferably embossed and/or matte finished to provide a more clothlike appearance. 

Further; the backsheet 402 may permit vapors to escape from the absorbent core 406 :g 
20 while still preventing exudates from passing through the backsheet 402. 

The size of the backsheet 402 is dictated by the size of the absorbent core 406 

and the exact diaper design selected. In a preferred embodiment, the backsheet 402 has J 

a modified hourglass-shape extending beyond the absorbent core 406. a minimum 

distance of at least about 1.3 centimeters to about 2.5 centimeters (about 0.5 to about . 
25 1.0 inch) around the entire diaper periphery. * 

The topsheet 404 and the backsheet 402 are joined together in any suitable 
manner. As used herein, the term "joined" encompasses configurations whereby the ,. r • v - 
topsheet 404 is directly joined to the backsheet 402 by , affixing the topsheet 404 

directly to the backsheet 402, and. configurations whereby the topsheet 404 is indirectly N \ 
30 joined to the backsheet 402 by affixing the topsheet 404 to intermediate members which , 

in turn are affixed to the backsheet 402. In a preferred embodiment, the topsheet . 404 

and the backsheet 402 are affixed directly to each other in the diaper periphery by 

attachment means (not shown) such as an adhesive or any other attachment means as 

known in the art. For example, a uniform continuous layer of adhesive, a patterned , 
35 layer of adhesive, or an array of separate lines or spots of adhesive can be used to affix 

the topsheet 404 to the backsheet 402. 

Tape tab fasteners (not shown for clarity) are typically applied to the back 
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1974, the d 1SC losure of which is hereby incorporated by reference T«, 

«* .. «*.'«d ho M rh. diaper 400 „J ^ " *" 
ad** doi * the diaper 400 to provide a «™s,b m d JJZfZ**? '** ? 

■ ~- May 7, * „ f i toy * 

addroor^ a maftod aod appar.ru, a**,. f or nunutourlng a diapbsabla ZTT • 

issued March 9* 1070 *u j- , 4,081,301 (Buell), 

refer^ ' ^ disclosure of which is tarpon,,* by 

eiaadc^oon^Lidoo^l™ n™r^ to ™ 
,«. be arched a* ^ „„„ fte J* ^ ""!* *" ■»*" 

widthof^ r Cm ^^ bete 

AMte member can be affixed to the diaper in any of several ways which are known 
"the*. elastic m^bers can be ultn^nic^y bonded heTanl 

P-sure sea.ed.nto the diaper 400 using a variety of bonding +L£££ . . 
memberscansimplybegluedtothediaper400. or tne elastic 
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The absorbent core 406 of the diaper 400 is positioned between the topsheet 

404 and the backsheet 402 r The absorbent core 406 can be manufactured in a wide 

variety of sizes and shapes (e.g., rectangular, hourglass, asymmetrical, etc.). The total 

absorbent capacity of the absorbent core 406 should, however, be compatible with the 
5 design liquid loading for the intended use of the absorbent article or diaper. Further, 

the size and absorbent capacity of the absorbent core 406 can vary to accommodate 

wearers ranging from infants through adults. 

♦ As shown in FIG. 18, the absorbent core 406 includes a fluid distribution 

member 408. In a preferred configuration such as depicted in FIG., 18, the absorbent 
10 core 406 preferably further includes an acquisition layer or member 410 in fluid 

communication with the fluid distribution member 408 and located between the fluid 

distribution member 408 and the topsheet 404 The acquisition layer or member 410 . 

may be comprised of several different materials including nonwoven or woven webs of . . 

synthetic fibers including polyester, polypropylene,- or polyethylene, natural fibers .. . % 
15 including cotton or cellulose, blends of such fibers, or any equivalent materials or , 

combinations of materials. 

In use, the diaper 400 is applied to a wearer by positioning the back waistband 

region under the wearer's back, and drawing the reminder of the diaper 400 between 

the wearer's legs so that the front waistband region is positioned across the front of the V. 
20 wearer. The tape-tab or other fasteners are then secured preferably to outwardly facing > 

areas of the diaper 400. ; * 

V . - • • • ■ • ■ ■ ■■ 'y 

PREPARATION OF REPRESENTATIVE ABSORBENT ARTICLES * . 
The following is a description of a suitable method for , constructing a 
25 representative absorbent article including a fluid transport web according to the present 

invention. • . . ... v J 

Preparation of Treated Tonsheets 

SYL- OFF 7048 Grosslinker is mixed at a 10% added on level to SYL- OFF . \ 
30 7677 Release Coating, both from Dow Corning. This silicone mixture is then liberally 

applied to a sheet of paper towel commercially available from The Procter & Gamble \ 

Company of Cincinnati, Ohio, under the trade name Bounty®. The particular towel 

variety utilized does; not have a distinctly-visible surface pattern embossed therein. 

After the mixture has soaked into the paper towel the excess SYL-. OFF mixture is 
35 removed by blotting with a diy towel so as to avoid visible pooling of free silicone 

material. This paper towel hereafter is referred to for convenience as the "treated 

towel M . 
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5 available from art suddIv store, «kM, i v ( type commercially 

•o insure complete curing has occuiwri th. ♦ t minutes. To 

sure that the SYL nS T PC °" th? t0psheet be inspected to be 
sure mat the SYL- OFF mixture does not rub off. . . 

ton^ T "** ^ ^ M Papert0wel * e rem °ved from the topsheex and the 
.J** ■ ?J to a desired size and shape (still larger than the finished • 

hung wearer^ntactmg side up in a 60 o C oven non-air circulating oven un^dT The - 
topsheet,^ * venuntddry. The 

Prenamrinn «f Catiimi.nioi P<,^ T 
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a spiral pattern of H2031 Findlay hot melt adhesive is applied at 0.04 g per in 2 . This 
adhesive layer is transferred onto the top (wearer-facing) side of a secondary topsheet 
by rolling the secondary topsheet and coated release paper together with a hand roller. 
The secondary topsheet is formed of a nonwoven . material known as Fort Howard . 
5 Airlaid Tissue, Grade 817, commercially available from the Fort Howard Corp. . of 
Green Bay, Wisconsin. The topsheet is applied to the adhesive side of the secondary 
topsheet and the two are bonded by gently pressing them together with a. hand roller. 
Two strips of one-quarter-inch double-sided tape are applied on. along both long sides 
of a polyethylene backsheet. The absorbent core is added to construe* the complete 

10 absorbent structure. . .. 

To construct a representative absorbent article according to the embodiment of 
FIG. 19, the following materials are utilized for the components of the absorbent 
structure. The absorbent article of FIG. 19 (catamenial pad) is structurally similar to 
that of FIGS. 14-17, except that it exhibits an hourglass-shaped overall profile. The 

i5 core layer is assembled as, follows: A sheet of the same Fort Howard material as the 
secondary topsheet is cut to a finished size of 190 mm by 143 mm. A silicone-coated 
release paper containing a spiral pattern of H203 1 Findlay hot melt adhesive is applied 
to the Fort Howard at 0.04 grams per square inch. The silicone-coated release paper 
. which isused to transfer the, glue is left on the Fort Howard and a 190 mm by 65 mm 

20 template is placed onto the middle of the sheet with the lengthwise ends aligned with 
the lengthwise ends of the Fort Howard. The Fort Howard is then folded oyer the 
template to crease the material, dividing the material into three portions. The template 
is then removed, leaving the glue on the creased Fort Howard. . Particulate absorbent 
gelling material in the form of Nalco 1 180 AGM is then evenly distributed in the 

25 amount of 0.68 grams per pad onto the glue side of the Fort Howard, nonwoven 
material. Next, 190 mm of quarter inch double-sided tape is then applied to the inside^ 
edge of the Fort Howard, which is then folded over by the creases so that the taped 
edge is on top. The resulting storage core has a finished dimension of 190 mm by 65 
mm. The secondary topsheet is adhesively bonded to the topsheet.., The storage/core 

30 layer is adhesively, bonded to the polyethylene backsheet by two strips of quarter inch 
double-sided tape. 

The topsheet and absorbent structure assembly are. then combined.. Next, a 
sheet of Teflon ® is placed over the assembled structure. The edges of the product are 
sealed with an appropriately shaped die, attached to an iron and heated to a 
35 temperature above the melting point of the polyethylene topsheet and backsheet. The 
iron die is applied to the material with hand pressure to seal the edges. The catamenial 
pad is then cut from the excess material using a pair of hand scissors. 
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'EXAMPLES 

Example 1 



10 



A topsheet was prepared according to the procedure set forth above The 
stanmg n»tenal was a three-dimensional, macroscopically-expanded fold £ 
generaliy ,„ accordance with the '342 Radelet al. and '045 Ahret ai vJ*EJ£ 
*ove, which, marten on sanifcry ^ by The Prdcter & £££ 

de^HG^^ 

dep,cted » FIG. 1 above, and contained a resin-incorporated surfactant (RIS) so as to 
be generally hydrophilic in nature. The topsheet was coated with sZ e „ t 

2tl2 Z ^ T int ° an -ticle in the form of, 

auamemal pad havmg the overall appearance of the catamenial pad depicted in FIG 



15 ■ 



ample 2. 



20 



A topsheet was prepared according to Example 1 with the evr^ti™ r .u 
ot the catamenial pad depicted in FIG. 19! "." " HW f™ 



Example 3 = 



25 



30 



starting * the pr0cedure * « above The 

stanmg matenal was a non-apertured nonwoven web of polypropylene fib«s 
commercially available as Diaper Topsheet P8 m 

Veratec of Wainnu vr u ( 8 ™ S per square meter ) fr °n> 

to^ ^ SaChUSe0S ' WWch W3S S enera "y hydrophilic in nature The 

topsheet was coated with silicone on the wearer-contacting surface at a rate of 0 50 
P»ns per square meter and, in accordance with the procedure above, was incorporated 
mto an absorbent article in the form of a catamenial pad having the veran a^ 
of the catamemal pad depicted in FIG. 19. appearance 



Examnlp 4 



35 



A topsheet was prepared according to Example 3, with the exception of the 

2 - absorbent arttcle . the form of a catamenial pad having the overall appLnce 
of the catamemal pad depicted in FIG 19 . ... dppearance 



ExamejeS. 
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A topsheet was prepared according to the procedure set forth above. The 
starting material was a three-dimensional, macroscopically-expanded, formed film 
having microapertures in accordance with the '643 Curro patent described above. The 
film was similar in overall impression to the film depicted in FIG. 10 above. The „ 
5 topsheet was coated with silicone on the wearer-contacting surface at a rate of 0.52 „■ 
grams per square meter, topically treated with surfactant in the manner described above 
and, in accordance with the procedure above, was incorporated into an absorbent 
article in the form of a catamenial pad having the overall appearance of the catamenial 
pad depicted in FIG. 19. • 

Example 6. 

A topsheet was prepared according to Example 5, with the exception that the 
coating weight of silicone was 1.08 grams per square meter, and was incorporated into 
an absorbent article in the form of a catamenial pad having the overall appearance of 
15 the catamenial pad depicted in FIG. 19. 

ANALYTICAL METHODS 
The following are representative analytical methods which have been found • 
suitable for and useful in determining the performance of fluid transport webs in 

20 accordance with the present invention. The analytical methods described herein are 
preferably accomplished utilizing a particular standard fluid referred to as artificial 
menstrual fluid (hereafter referred to as "AMF"), although similar analytical studies 
could be undertaken with other fluids. Formulation and preparation of a suitable 
artificial menstrual fluid are described in the Test Methods section of allowed, 

25 commonly-assigned, co-pending U.S. Patent Application Serial No. 08/141,156, filed 
October 21, 1993 in the names of Richards et al„ the disclosure of which is hereby 
incorporated herein by reference. 



1. Acquisition Rate, 

Acquisition rate, as utilized herein, is a measure of the time required for a given 
volume of surface-applied liquid to enter, or "strikethrough M , a topsheet material into an , » 
underlying absorbent structure. In the present series of tests it is a measure of the time 
35 in seconds to completely drain 7.5 milliliters of AMF solution having a surface tension 
of 46-58 dynes/cm from a one inch diameter by 5/8 inch deep cavity having a 
multiplicity of holes in its lowermost surface. Other suitable fluid volumes include 17 
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milliliters and 5 mUliliters. The cavity is integrally formed in a 4 inch X 4 inch 
stnkethrough plate which is placed on a complete absorbent article fabricated in 
accordance with the description above including the topsheet to be tested The wearer 
contacting surface of the topsheet sample is oriented face-up. An electric timer is 

VI V r S ° ,Uti0n C ° ntaCting 3 Pair ° f S P aced in the 

rforedescnbed cavity. The timer automatically shuts off when all of the AMF solution 

has dramed from the cavity and into the absorbent element. Times are reported in 
seconds. v 



25 



30 



35 



0 h Dryness. 

^Dryness, as utilized herein, is a measure of how readily fluid can migrate 
upward onto the wearer-contacting surface of the topsheet after fluid acquisition, as 
well as resuhial wetness on the topsheet surface; . Accordingly, 90 seconds after the 
completion of the AMF acquisition in the above acquisition rate test, the stnkethrough 

- Pl*e ,s removed and a preweighed sample of filter paper approximately 5 inches X 5 
inches ,s mserted over the uppermost surface of the topsheet of the absorbent article 
sampk, and a predetermined pressure loading of 0.25 psi. is applied to the sample for a 

ofT „ I T?f ^ ^ PaPCT " rem ° Ved ^ ™«8hed, and the amount 
of fluid absorbed by the filter paper is termed the "surface wetness" of the sample 
Results are expressed in grams of fluid absorbed by the filter paper. Other suitable time 
increments include 20 minutes after completion of the AMF acquisition. Asshouldthus 
be apparent, a lower -surface wetness" number is indicative of a dryer surface feel 
Mor* conveniently, "dryness" may be expressed as 1/surface wetness, which results in 
larger dryness values equating to dryer surface feel - 

h Masking. 

As utilized herein, the term "masking" is defined as the difference in intensity of 
reflected hght between a "used" or soiled product and its initial intensity reading before 
us* The acceptance of a catamenial product strongly depends on the masking 
performance of its topsheet. In fact, good masking not only provides a cleaner and 
dner topsheet surface but also reflects better absorbency and less rewet of the product 
Madong may be analyzed by measuring the intensity of light reflected from the 
product's surface after h has been wetted, in order to be able to quantify it and compare 
results among different products. 

The intensity of the light describes the energy of the hght. The incoming 
moment) hght beam (e.g„ sun light) is reflected by the surface and creates an outgoing 
(reflected) light beam that has a different energy or intensity. The difference of the 
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intensities of the incoming and outgoing beam is the energy that the surface absorbs. 
For instance, a black surface absorbs significantly more energy or light than a white 
surface. The energy that is absorbed by the black surface may be transformed in heat. 
Therefore, black cars tend to be warmer than white cars in the summer . The intensity 
5 of the light strongly depends on the light source. Typically the intensity of the light may 
be characterized using different gray levels. Hence, white would acquire a value equal 
zero (white=0) and black the value 255 (black=255). Any gray (or intensity of the light) 
between these two values will be anywhere 0 and 25 5 . 

A sample product for evaluation is analyzed before introduction of any fluid, 

10 i.e., in its unused condition. A measurement area is defined and a set of measurements 
is taken. Results from 5 measurements are averaged. The samples are then infused 1 
with 5 ml of fluid in accordance with the procedure enunciated with regard to the 
acquisition test to perform the wet measurement. Before removing the strikethrough 
plate and subjecting the sample to the masking measurement and analysis, 3 minutes is 

15 allowed to elapse for the fluid to reach a steady state orientation within the sample. A 
second set measurements is then taken of the same product using the same identified 
measurement area. Results from 5 measurements are averaged. The numerical 
difference between the average initial reading and the average after-use reading 
provides a quantification of the difference in reflected light, and hence the cleanliness of 

20 the surface of the product. Low numerical differences reflect little change from pre-use 
condition, and hence effective "masking", while higher , differences reflect a greater 
change from pre-use condition and hence less effective "masking". . : 

The following is a description of suitable components and a suitable method for 
assessing masking performance of a fluid transport web according to the present 

25 invention. 

Hardware components 

The scanner utilized is a conventional HP Scanner Tip connected to an Apple 
Macintosh computer. The computer should have at least 8MB RAM memory in order 
30 to be able to run the scanner software and NIH Image at the same time. The monitor 
should have at least 256 gray levels to run the software. 

Software components 

Scanner software (DeskScan II 2.1) 

35 This software is provided by HP and designed to run with the Iff Scanner Hp; 

NIH Image Version 1.44 



Printed from Mimosa 02/05/21. 13:46:14 Page: 49 



WO 96/00548 

48 



PCT/US95707430 



5 



10 



15 



\ . This program allows individuals to analyze a picture and determine the densitv 
ofanycolororgrayjeyelandtheimensityofrefl^ * 

Measuring Procedures 
Data Determination 

rM T * of the sample's surface, is very important, in order to get consistent 

hw^ 

^catamemal to flatten the sample sufficiently to perform the measurements Xut 
unduly compressing or distorting the sample. ments without . 

affect the quahtyofa scanned sample and the measurement * 



Using the scanner 

Following steps are necessary to scan a sample with the HP Hp scanner: : 

20 gaBadBfcflifcga — i : : - : : : 

1. Makesure the scanner is plugged into the computer ,, - " * 

2. Start the computer ^ 
3* Switch on the scanner 

4. Start the Scanner software program (DeskScan II 2. 1 ) 

Scanning an imagg; . • . . 

5. Place the pad on the center of the screen 

6 ' Mace the weight (e.g., a metal ruler) on the pad ■ / 
7. ;Press PREVIEW on the menu of the program... 

9. Select the print path (Choose: Liritronic) ,. . . 

10. Select the area you want to save into a file. 

11. Adjust the brightness and contrast 
Brightness: 114 

33 Contrast: 115 

These vafues must be set, in order ,0 have always the same quality of the image 

12. Make sure that you have all the correct settings 
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13. Push the FINAL button 

o The system will ask you to define a name and a folder to store the file. The file 
should have a TIFF format. Usually this option is preset. But make sure you save the 
file in TIFF format, in order to be able to open this file in NIH Image. 
5 o The scanner will then scan your pad again, this time slower, because it saves the 
picture in a file. . \ - 

Data evaluation 

The following steps describe the procedure of analyzing a scanned picture. 
io ■ • . 

Analyzing the scanned picture using NIH Image 
Customizing the program 

1. Open NIH Image. 

2. Customize the program (only when you first use it!) 
is a) Menu: OPTIONS . 

o Check Grayscale 

o Preferences: - Undo & Clipboard buffer : set to 1500 K 

. * - Record preferences in FILE menu t 

b) Menu: ANALYZE 

20 o Options: - Check Area and Mean Density 

- Djgjtg right of ....: set to 1 

c) Restart NIH Image to make all the settings effective 

Measuring 

3. s Open the calibration file named CALIBRATION.TIFF 
25 4. Open the scanned file in TIFF format 

o If the system warns you that the Undo Buffer is too small, add memory 
repeating preferences in step 2 a). 

o The measurements for the scanned file will be automatically calibrated, as long 
as the CALIBRATION.TIFF file is open at the same time. You can check if the picture 
30 has been calibrated, if there.is a white diamond displayed in the title bar. 

5. Go to ANALYZE in the menu and select RESET , 

6. Start measuring 

a) Select an area to be measured (you may choose a square box of about 0.4X0:4 
in.) which is smaller than the area subjected to the fluid staining. 
35 b) Go to ANALYZE in the menu and select MEASURE 

c) Repeat steps 6 a) and b) for a total of 5 measurements of different sample 
"square boxes" within the region of interest. 
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d) GotoANALYZEinthemenuandselectSHOWRESULTS 

7. Close the file without saving 

«. Repeat steps 4-7 until you finished the measurements 

5 , .^^"^odhnente of the present invention have been illustrated and 

m0 d^^ 
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Claims: 

1. A web having first and second surfaces, said web including a plurality of fluid 
passageways placing said first and. second surfaces in fluid communication with 
one another, said fluid passageways preferably comprising capillaries, said web 
being characterized by: 

(a) a plurality of surface energy gradients defined by discontinuous, spaced 
regions which are adapted to exert a force on fluid contacting said first 
surface, such that said fluid will .be directed toward said fluid 
passageways for transportation away from said first surface and in the 
direction of said second surface. « 

2. The web of Claim 1, further characterized in that said regions are located at 
least partially within said fluid passageways. 

3. A web having first and second surfaces, said web comprising: 

(a) a plurality of fluid passageways placing said first and second surfaces in 
fluid communication with one another, and 

(b) a plurality of surfece energy gradients defined by regions located at least 
partially within said fluid passageways which are adapted to exert a 
force on fluid contacting said first surface, such that said fluid will be 
directed toward said fluid passageways for transportation away from 
said first surfece and in the direction of said second surface. 

4. The web of any one of Claims 1 to 3, further characterized in that at least one 
fluid passageway exhibits a plurality of said regions located at least partially 
within said fluid passageway. 

5. The web of any one of Claims 1 to 4, further characterized in that said regions 
are randomly distributed over said first surfece. 

6. The web of any one of Claims 1 to 5, further characterized in that said regions 
are randomly located at least partially within said fluid passageways. 

7. The web of any one of Claims 1 to 6, further characterized in that said first 
surface exhibits a first surfece energy and said second surfece exhibits a second 
surface energy which is greater than said first surfece energy. 

8. The web of any one of Claims 1 to 7, further characterized in that said surface 
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10. A Mhod of Kuu&clutag . web e^juttag , . . 
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said second surfaces being separated from one another by an intermediate 
portion, said web preferably being coated on said first surface, characterized in 
that said first surface of said web exhibits a surface energy less than said second 
surface, said first surface of said web preferably including a plurality of zones 
exhibiting different surface energies. 

The fluid-pervious web of Claim 12, further characterized in that said web is a 
formed film, said web preferably further including discrete volcano-like surface 
aberrations each including at least one microaperture. 

The fluid-pervious web of Claim 13, further characterized in that said formed 
film comprises a multilayer film having a first layer and a second layer, said 
second layer having a greater ductility than the ductility of said first layer, said 
second layer having a greater surface energy than the surface energy of said first 
layer. 
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Fig. 9 
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Fig. 11 
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Fig. 13 



Printed from Mimosa 02/05/21 1 3:46:57 Page:. 61 . 



WO 96/00548 . : ■ > . 

_ * PCT/US95/07430 

7/9 




■ Fig. 14 
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Fig. 18 




Fig. 19 
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